Since the work of Fahraeus, in 1921 (1), the phenomenon of the settling of the red corpuscles in blood to which an anticoagulant has been added has been studied intensively by biologists as well as by clinicians. The former have been interested chiefly in determining the mechanism whereby the settling rate of the cells is increased or diminished in certain physiological and pathological conditions, and in studying the various chemical and physical factors which may vary the rate; while the clinical investigators have attempted to evaluate the diagnostic and prognostic significance of observed changes in the rate of sedimentation. Preliminary to a renewed effort along clinical lines, we have carried out a series of experiments designed to show the effect which certain factors may have upon the settling rate.
Since the work of Fahraeus, in 1921 (1) , the phenomenon of the settling of the red corpuscles in blood to which an anticoagulant has been added has been studied intensively by biologists as well as by clinicians. The former have been interested chiefly in determining the mechanism whereby the settling rate of the cells is increased or diminished in certain physiological and pathological conditions, and in studying the various chemical and physical factors which may vary the rate; while the clinical investigators have attempted to evaluate the diagnostic and prognostic significance of observed changes in the rate of sedimentation. Preliminary to a renewed effort along clinical lines, we have carried out a series of experiments designed to show the effect which certain factors may have upon the settling rate.
The sedimentation tubes used in these experiments contained 1.0 cc. of blood, were 4.0 mm. in diameter, were sealed flat at one end, and were graduated from 0 to 80 mm. They were coated on the inside with a very thin layer of paraffin. All blood samples were collected without stasis and were manipulated entirely under oil.2
THE EFFECT OF VARIOUS ANTICOAGULANTS UPON TEE RATE OF SEDIMENTATION
The precipitation of colloids of the suspensoid type by adsorption of an electrolyte and the stabilizing of an otherwise labile system by 1 A portion of the experimental work was completed in 1926 at the Henry Ford Hospital, Detroit. a similar process are familiar phenomena. Fahraeus (1) noted that, if defibrinated horse blood is diluted with a 0.9 per cent solution of sodium chloride, the specific gravity and viscosity of which are less than that of the serum, the sedimentation rate of the erythrocytes is actually diminished. Furthermore, he showed that if as little as 0.025 gram of solid sodium chloride is added to 5.0 cc. of defibrinated horse blood, the sinking of the cells is decreased from 75 to 3 mm. in 15 minutes, and that there occurs an increase in the negative charge on the corpuscles, proportional to the amount of sodium chloride added. In these instances, the suspension has been stabilized by addition of the electrolyte. Popper and Kreindler (2) have likewise shown the stabilizing effect of the addition of electrolytes to the blood. On the other hand, Linzenmeier (3) and Fahraeus (1) have both shown that the sedimentation rate increases if small amounts of lanthanum nitrate are added, and that when larger amounts of this salt are introduced the corpuscles of human blood become positively charged. Provided the magnitude of this charge is sufficiently large the system can be made stable. The precipitating effect of some salts and the stabilizing effect of others is probably referable to the valency of the cation, as pointed out by Oliver and Barnard (4) .
Because of the changes that added electrolytes may bring about in the stability of the blood, it seemed advisable to determine the effect of the different anticoagulants in common use, and to adopt for clinical work a substance which has no effect upon the suspension stability other than keeping the blood from clotting. Sodium fluoride (50 mgm. per 5.0 cc. of blood), potassium oxalate (14 mgm. per 5.0 cc. of blood), and potassium citrate (10 mgm. per 5.0 cc. of blood) were taken as representative of the inorganic anticoagulants, and were compared with each other and with heparin (1 mgm. per 5.0 cc. of blood), the organic anticoagulant obtained from liver substance. In every instance the concentration of anticoagulant was sufficient to prevent clotting during the period of the experiment.
Chart 1 presents graphically the varied rates of settling found when separate specimens of the same blood were treated with the different anticoagulants in the amounts indicated above. With the settling most rapid in the heparinated sample, it is apparent that the rate of sedimentation in the others varies inversely with the concen-tration of salt necessary to prevent coagulation. Similar .differences were noted in several other experiments of the same nature. No attempt was made to determine whether the slowing varies mathematically with the concentration of the salts. In the Linzenmeier (3) method employed by a great many investigators for the clinical determination of the sedimentation rate, one part of 5 per cent sodium citrate is used to four parts of blood. Such (5) states that if blood is allowed to stand and is then reshaken, the sedimentation velocity is rather markedly accelerated as compared with freshly drawn blood. Westergren (6), however, ic IvI found that preserving blood for several hours at room temperature does not materially affect its settling velocity, but that after twentyfour hours standing the rate is slowed. Fahraeus (1), working with defibrinated horse blood reports that a specimen may be allowed to. stand at room temperature for as long as seven hours without changing Blood tends to become more stable on standing, but within the period of a working day the changes are usually insignificant, while after twenty-four hours at room temperature a considerable slowing of the sedimentation rate is usually observed. The effects of heparin and sodium citrate solution are practically the samne.
Such results lead us to conclude that, for clinical purposes, blood sedimentation determinations may be postponed for some hours (6 to 12) after the blood is drawn without any considerable loss of accuracy, but that standing for a longer period may lead to serious errors by slowing the settling rate.
We are at a loss to explain why our results and Westergren's do not agree with those of Pohle, for we have found the reaction completely reversible within the time limits noted. Our blood samples were manipulated entirely under oil, but since Westergren does not state that he took a similar precaution, it seems doubtful whether that factor can explain the varied results. These experiments show that after centrifuging for as long as 20 minutes at 2500 r.p.m. the stability of the remixed blood is not different from that of the freshly-drawn sample. Furthermore, it is indicated that the process of aggregation can be reversed by mechanical agitation. Were this not so, the sedimentation rate of the remixed centrifuged samples would have been more rapid in the first half-hour period, where the slope of the curve is small in freshly-drawn blood, because of the time necessary for aggregation to reach a maximum.
THE EFFECT OF BLOOD DILUTION UPON THE SEDIMENTATION RATE
By diminishing the number of particles in a suspension, the mean free path of such particles becomes greater, and consequently the rate at which the particles settle is increased. In blood, the sedimentation rate of the erythrocytes is roughly, inversely proportional to the cell volume, provided other factors are unchanged. This fact has already been emphasized by Fahraeus (1), DeCourcy (8), Guthmann and Schneider (9)t Gram (10) , Blinniger and Herrmann (11), Rubin and Smith (12)j and Hubbard and Geiger (13) .
The sedimentation rate was determined upon part of the sample as drawn, and the remaining blood was centrifuged, the plasma and cells being used to make up specimens of different cell volumes as desired. The settling curves of these dilutions were then obtained and the final cell volumes determined by spinning at 2500 r.p.m. for 20 minutes.
The results of two such experiments appear in charts 6 and 7 -where the effect of varying the cell volume by the addition of cells or plasma from the same samples of blood is shown graphially. It is evident that when the cell volume is reduced the rate of settling is increased.
In chart 8, the millimeters settled in one hour are plotted against the cell volume, the numbers on the individual curve,s referring to separate experiments. It becomes evident that the function of the change due to dilution is practically a straight line in the range where neither packing nor primary aggregation is a prominent factor.
It is very important, therefore, that the result of a sedimentation test should not be interpreted in terms of infection or of other tissue -damage without consideration being paid to the concentration of the blood (cell,-volume). Our experimental procedure was as follows: Four cubic centimeters of blood were drawn from an arm vein under oil, using heparin as the anticoagulant, and the sedimentation rate was determined as usual on one cubic centimeter. Two cubic centimeters of the same blood were transferred to a paraffin-coated, 25 cc. Erlenmeyer flask, and agitated by rotating until the blood had become bright scarlet in color, after which its sedimentation rate was determined by the usual procedure. The time of reading was varied so that packing was not a factor.
The (16) , using Linzenmeier's method, studied the sedimentation rates at 10°, 230, and 37°C. and found startling differences in all the rates between these temperatures. They also found that the effect of external temperatures within these limits is transitory, i.e. that upon shaking and retesting the blood at a second temperature no influence of the original temperature will be apparent. These authors conclude that since the average room temperature varies between 220 and 240C., a standard of 230C. should be maintained during the determination of the settling rate.
We have determined the sedimentation by our method3 on specimens of the same samples of blood at different temperatures varying from 200 to 380C., and our findings in the main are similar to those noted above. Carefully regulated water baths were used for all the determinations, and the samples were allowed to remain in the baths for 30 minutes before the tests were started in order to obtain temperature equilibrium. 30°C. Furthermore, the relative increase of rate per degree of temperature from 300 to 380 is greater than from 200 to 250 in the slowly settling specimens.
In more rapidly settling bloods, however, packing becomes such an important factor in the one hour readings at 380 that the true temperature effect is masked and the curve falls off. In specimen 13, infectious arthritis, packing has aimost entirely masked the temperature change. We can not suggest the use of curves similar to those presented in chart 9 for correctional purposes, since the type of curve for rapidly settling bloods is dependent upon the relative importance of the packing factor, which would produce a greater straightening of the temperature rate curve for bloods with higher hematocrits (greater cell volumes).
For clinical work, we suggest that all tests be carried out at a room temperature of 200 to 25°C., since this range is not difficult to maintain in most laboratories, and since we feel that the variations in rate at such temperatures are not great enough.to affect the value of the results. Any (19) , and Rowe (20) .
In view of this concentration, it would be reasonable to expect that there would be some alteration of the settling rate of the blood cells, but we can find no record of an experimental investigation of this point. Our experiments were made upon healthy, young individuals, blood samples being collected just before and immediately after the exercise period. Plasma proteins were determined by the method of Wu (17) , the plasma carbon dioxide by the Van Slyke and Stadie Heparin is the ideal anticoagulant for blood sedimentation studies, since it has no effect on the settling rate other than keeping the blood from clotting. The inorganic anticoagulants depress the rate of settling in proportion to their concentration. Dilution with the citrate solution described in Linzenmeier's technic slows the rate to a greater extent than does the dry salt.
2. Aggregation of the red blood cells under conditions obtaining in sedimentation tests is a completely reversible phenomenon. Blood may usually stand at room temperature for six to twelve hours without the sedimentation rate being affected materially, whereas longer standing generally leads to a slowing of the rate. All tests should be completed on the day when the blood is drawn. 3 . Centrifuging blood for 20 minutes at 2500 r.p.m. does not affect its settling velocity after remixing. 4 . Blood dilution (with its own plasma) leads to more rapid settling of the cells. In samples where the aggregating and packing factors are not largely operative this change is represented by a straightline curve.
5. Aeration of venous blood has no significant effect upon the rate of settling, therefore the collection of blood samples under oil is not necessary.
6. Increase of temperature (within certain limits) makes for more rapid sedimentation. Within the range of ordinary room temperatures, the changes are hardly significant.
7. The changes in rate of settling due to the ingestion of food are slight and may be disregarded for ordinary work.
8. Short, violent exercise has an insignificant and variable effect on the sedimentation rate. The accelerating effect of the fibrnnogen increase is compensated by the retarding effect of the increase in cell volume.
